Introduction {#sec1}
============

Diabetes mellitus (DM), a degenerative disease characterised by high blood glucose levels (hyperglycaemia) owing to metabolic disruption in the body,[@bib1], [@bib2] is associated with long-term complications in various organs, particularly the eyes, kidneys, heart, nerves, and blood vessels.[@bib3] In 2015, the International Diabetes Federation (IDF) reported that 415 million people are affected by DM worldwide, and it is expected to increase to 642 million patients in 2040. In addition, the prevalence of DM among people aged 20--79 years in Indonesia reached 6.2%.[@bib4] Furthermore, the World Health Organisation (WHO) showed that DM was the 6th leading cause of mortality in Indonesia in 2016.[@bib5] The lifestyle and eating behaviours of Indonesian people contribute to the rapidly increasing prevalence of DM in Indonesia.[@bib6] DM result from either improper response to insulin or insufficient insulin production.[@bib7]

Sulphonylureas have been widely used for DM management to stimulate insulin production and reduce insulin resistance for approximately 50 years.[@bib8], [@bib9], [@bib10] They are derivatives of sulphonamides; however, they do not exhibit antibacterial activity.[@bib11] Sulphonylureas stimulate pancreatic β cells to produce more insulin and restore glucose homeostasis[@bib12]; thus, they are most effective in the management of type 2 DM,[@bib13] when the pancreatic β cell function is still somewhat preserved.[@bib10], [@bib14] Therefore, certain extent of β cell viability is required for their effectiveness.[@bib15], [@bib16]

Since "back to nature" has become a trend, natural medicines have gained much interest as generally safe and effective therapeutic agents.[@bib17], [@bib18] Many medicinal plants, such as *Allium cepa* L. (onion), *Allium sativum* L. (garlic), and *Annona squamosa* L. (sugar-apple), are used to lower blood glucose levels.[@bib19] However, the mechanisms underlying the antihyperglycaemic actions of these medicinal plants are different. For example, *Ocimum sanctum* inhibits α-glucosidase activity and reduces inflammation and oxidative stress.[@bib20] Besides plants, animals present a wide source of useful natural products. In Muncar (Banyuwangi, Indonesia) and Jember Lor (Jember, Indonesia) districts, people consume *Myrmeleon formicarius* (antlion) larvae as a natural medicine for DM.[@bib21] The antihyperglycaemic effects of *M. formicarius* (antlion) have been verified in various studies. Compounds isolated from *M. formicarius* (antlion) have been shown to decrease blood glucose levels *via* a sulphonylurea-like mode of action[@bib21], [@bib22]; however, further studies are required to confirm these findings. A previous study showed that *M. formicarius* (antlion) extract at 7.5 mg/kg was effective in lowering blood glucose levels in streptozotocin-treated mice. Another study showed that antlion larvae contained a compound with α-glucosidase inhibitory activity.[@bib23] DM could result in cardiovascular complications.[@bib24]

In this study, we aimed to investigate the effects of the oral administration of *M. formicarius* (antlion) extract on liver and kidney histology in streptozotocin-treated mice.

Materials and Methods {#sec2}
=====================

Drugs and *M. formicarius* (antlion) extract {#sec2.1}
--------------------------------------------

Glibenclamide was obtained from Jember pharmacy. Antlion extract was prepared as previously described by Rahma et al.[@bib25] Antlions were collected from Mayang village, Jember, Indonesia and identified at the Laboratory of Zoology, Department of Biology Education, University of Jember. They were freshly dried at −80 °C. The antlion extract was prepared by cold maceration. Antlions were soaked in 70% (v/v) ethanol for 72 h at room temperature, followed by filtration. The filtrate was evaporated in a rotary evaporator at 40--50 °C under reduced pressure to remove the solvent. Then, the extract was kept in a refrigerator at 4 °C for future use. Sulphonylureas present in the antlion extract were detected by thin layer chromatography (TLC).[@bib26]

Animals and experimental design {#sec2.2}
-------------------------------

Male Balb/C mice weighing 20--30 g were selected for the current study. The animal experiments were carried out at the Biomedical Laboratory of Faculty of Dentistry, University of Jember. All animals were kept under standard laboratory conditions of temperature (25 ± 2 °C) and humidity with 12 h:12 h light/dark cycle. Twenty-four mice were randomly divided into six experimental groups (*n* = 4/group). Mice were acclimatised for 7 days prior to the experiment. Mice were given standard pellet diet and water *ad libitum* during the whole experiment.

All mice were rendered diabetic by a single intraperitoneal injection of streptozotocin (65 mg/kg, dissolved in 0.1 M citrate buffer, pH 4.5). Diabetes was allowed to develop and stabilise in streptozotocin-injected mice over 1 week. On day 7 post-streptozotocin injection, initial blood glucose levels were measured after 3--4 h fasting using a blood glucose meter. Mice were divided into six groups, as follows:▪Negative control (NC) group: Mice received normal water.▪Positive control (PC) group: Mice received glibenclamide.▪Group T1: Mice received *M. formicarius* (antlion) extract at 2.5 mg/kg.▪Group T2: Mice received *M. formicarius* (antlion) extract at 5 mg/kg.▪Group T3: Mice received *M. formicarius* (antlion) extract at 7.5 mg/kg.▪Group T4: Mice received *M. formicarius* (antlion) extract at 10 mg/kg.

*M. formicarius* (antlion) extract was orally administered once daily (volume, 0.5 mL/day) for 5 days. Fasting blood samples were collected at 7, 14, 16, and 20 days post-treatment (dpt) for blood glucose measurement.

Histological examination {#sec2.3}
------------------------

Histology specimens were prepared as previously described by Carleton and Drurry.[@bib27] After 20 days, mice were sacrificed, and kidneys (±4 gr) and liver (±1.3 gr) were removed, fixed in Bouin\'s solution for at least 24 h, then and dehydrated in an alcohol series (70, 80, 90, 95, and 100%) for 30 min. They were cleared with xylene for 1.5 h until the colour of xylene turned pale, and then cleared with xylene/paraffin substitute (3:1, 1:1, and 1:3, v/v, respectively) each for 30 min in an oven at 45--50 °C. Then, they were infiltrated with hard paraffin twice daily and embedded in paraffin. Sections were cut and stained with eosin.

Data analysis {#sec2.4}
-------------

All data are presented as the means ± standard deviation (SD). Data were analysed using SPSS software version 20. The effects of treatments on blood glucose levels were analysed using one-way analysis of variance (ANOVA) followed by the least significant difference (LSD) test. A *P*-value \< 0.05 indicated statistical significance. Data regarding tissue-repair effects are presented as percentages.

Results {#sec3}
=======

Antlion extract contained sulphonylureas and decreased blood glucose levels {#sec3.1}
---------------------------------------------------------------------------

In this study, TLC was used for determination of sulphonylurea content in *M. formicarius* (antlion) extract. TLC plates were developed in a twin trough glass chamber containing a mixture of EtOAc + EtOH + H~2~O (10:2:1, v/v) as a mobile phase. The plates were removed from the chamber when the solvent moved to the top of the plates and were subsequently allowed to evaporate. Then, spots on the plates were visualised under visible light, or fluorescent bands were visualised under ultraviolet (UV) light at 366 nm. Result showed that *M. formicarius* (antlion) extract contained sulphonylureas, indicated by yellow stain ([Figure 1](#fig1){ref-type="fig"}).Figure 1Results of TLC of antlion extract. (a) Sulphonylureas TLC stain.Figure 1

As shown in [Figure 2](#fig2){ref-type="fig"} and [Table 1](#tbl1){ref-type="table"}, oral administration of the antlion extract at 2.5, 7.5, and 10 mg/kg for 2 days significantly decreased blood glucose levels, without significant differences among different doses. The effects of antlion extract at these doses were comparable to those of glibenclamide. On the last day (day 6 after antlion extract treatment), blood glucose levels in mice treated with antlion extract at 7.5 and 10 mg/kg were not significantly different from those in mice treated with glibenclamide. Additionally, the results showed that the most appropriate antihyperglycaemic dose of antlion extract was 10 mg/kg.Figure 2Effects of antlion extract on blood glucose levels. ![](fx1.gif), end of acclimatisation stage; ![](fx2.gif), induction by streptozotocin; ![](fx3.gif), end of diabetic stage; ![](fx4.gif), recovery stage; ![](fx5.gif), collection of blood at 16 days post treatment (dpt); ![](fx6.gif), collection of blood at 18 dpt; ![](fx7.gif), collection of blood at 20 dpt; NC, negative control (normal water); PC, positive control (glibenclamide, 0.45 mg/kg); T1, antlion extract at 2.5 mg/kg; T2, antlion extract at 5 mg/kg; T3, antlion extract at 7.5 mg/kg; and T4, antlion extract at 10 mg/kg.Figure 2Table 1Average blood glucose levels.Table 1TreatmentAverage blood glucose level (mg/dL)7 dpt14 dpt16 dpt18 dpt20 dptNC114.75 ± 15.94158.25 ± 11.95145.5 ± 8.1^b^134.75 ± 8.53^b^109.25 ± 7.27^c^PC121.75 ± 15.39142.75 ± 8.42110.75 ± 23.5^a^96 ± 22.16^a^83.25 ± 11.35^a^T176.5 ± 11176.5 ± 15.5123.25 ± 8.99^a^104.25 ± 20.1^a^107.25 ± 25.55^b^T285.5 ± 15.24165.25 ± 20.61130.25 ± 16.56^a^106.5 ± 18.57^a^89.25 ± 24.14^b^T3123.5 ± 14.88174.25 ± 19.43146.5 ± 13.22^b^85.5 ± 13.82^a^81 ± 17.53^a^T4113.75 ± 11.32160.5 ± 15.24106.25 ± 21.06^a^84.25 ± 8.46^a^61 ± 14.02^a^[^1]

Antlion extract affected liver and kidney histological architecture in streptozotocin-induced diabetic mice {#sec3.2}
-----------------------------------------------------------------------------------------------------------

Streptozotocin-induced diabetic mice showed hepatocellular injury, as manifested by presence of inflammatory cells (IC), congestion (C), pyknosis (P), vacuole degeneration (VD), and necrosis (N) ([Table 1](#tbl1){ref-type="table"}). Representative images of liver histological examination are shown in [Figure 3](#fig3){ref-type="fig"}A--G Liver sections from untreated streptozotocin-induced diabetic mice showed the most severe histological damages ([Figure 3](#fig3){ref-type="fig"}A). Oral administration of antlion extract at 10 mg/kg resulted in minimal liver histological deficits in streptozotocin-induced diabetic mice ([Figure 3](#fig3){ref-type="fig"}F).Figure 3Histological structure of the liver in male mice (*Mus musculus*). (A) Negative control group (normal water), (B) positive control group, (C) T1 group, (D) T2 group, (E) T3 group, (F) T4 group, and (G) normal liver. 1, vacuole degeneration; 2, necrosis; 3, congestion; 4, inflammatory cells; and 5, pyknosis. Bar = 1 μm.Figure 3

Additionally, streptozotocin-induced diabetic mice exhibited altered renal histological structure, including proximal convoluted tubule degeneration (PD), proximal convoluted tubule necrosis (NP), and glomerular damage (GD) ([Table 2](#tbl2){ref-type="table"}). Representative images of the histological examination of the kidneys are shown in [Figure 4](#fig4){ref-type="fig"}A--F. [Figure 4](#fig4){ref-type="fig"}B represents kidney sections isolated from untreated streptozotocin-induced diabetic mice showing severe damage, whereas [Figure 4](#fig4){ref-type="fig"}C represents kidney sections from glibenclamide-treated diabetic mice, showing moderate damage in necrotic tubular cells. The results indicate that oral administration of *M. formicarius* (antlion) extract at 5 mg/kg resulted in minimal kidney histological deficits in streptozotocin-induced diabetic mice (see [Table 3](#tbl3){ref-type="table"}).Table 2Average liver damage.Table 2TreatmentThe average liver damage (%)ICCPVDNNormal18.03 ± 0.32^a^26 ± 0.2^a^0 ± 0^a^50.03 ± 0.06^a^0 ± 0^a^NC50.1 ± 0.25^b^50.13 ± 0.06^b^83.17 ± 0.49^f^85.47 ± 0.25^d^78.27 ± 0.12^d^PC50.03 ± 0.16^b^50.1 ± 0.36^b^50.17 ± 0.35^c^50.13 ± 0.12^ab^50.43 ± 0.31^b^T150.23 ± 0.25^b^50.23 ± 0.25^b^50.37 ± 0.06^c^50.37 ± 0.15^b^50.47 ± 0.31^b^T250.1 ± 0.17^b^50.07 ± 0.16^b^62.13 ± 0.15^d^50.4 ± 0.1^b^66.5 ± 0.3^c^T350 ± 0.25^b^50.07 ± 0.42^b^71.1 ± 0.17^e^69.13 ± 0.15^c^66.4 ± 0.3^c^T450.03 ± 0.06^b^50.03 ± 0.21^b^45.17 ± 0.29^b^50.2 ± 0.23^ab^50.4 ± 0.2^b^[^2]Figure 4Histological structure of the kidneys in male mice (*Mus musculus*). (A) Normal kidney, (B) negative control group, (C) positive control group, (D) T1 group, (E) T2 group, and (F) T4 group. 1, proximal convoluted tubule degeneration; 2, proximal convoluted tubule necrosis; and 3, glomerular damage. Bar = 1 μm.Figure 4Table 3Average kidney damage.Table 3TreatmentThe average kidney damage (%)Proximal convoluted tubules degenerationProximal convoluted tubule necrosisGlomerular damageNormal0 ± 0^a^0 ± 0^a^14.27 ± 0.23^a^NC50.4 ± 0.26^c^50.33 ± 0.25^c^76.47 ± 0.31^d^PC50.27 ± 0.31^c^48.2 ± 0.2^c^50.43 ± 0.31^b^T150.4 ± 0.3^c^50.33 ± 0.35^c^76.3 ± 0.3^d^T240.37 ± 0.38^b^45.37 ± 0.21^b^50.23 ± 0.38^b^T350.13 ± 0.06^c^50.37 ± 0.26^d^50.27 ± 0.57^b^T450.12 ± 0.31^c^50.27 ± 0.21^c^55.43 ± 0.3^c^[^3]

Discussion {#sec4}
==========

Results of this study showed that *M. formicarius* (antlion) extract exhibited glucose-lowering effects in streptozotocin-induced diabetic mice. This effect could be attributed to the presence of sulphonylurea- and metformin-like compounds in *M. formicarius* (antlion) larvae.[@bib21], [@bib22], [@bib28], [@bib29] The presence of sulphonylurea compound was verified by the observation of a yellow band on the TLC plate, which is in line with the findings of a previous study.[@bib26] Sulphonylureas are insulin secretagogues that stimulate endogenous insulin secretion by binding to sulphonylurea receptor protein on β cells, resulting in inhibition of ATP-dependent potassium channels and K^+^ efflux from β cells, which depolarises the cell membrane and allows Ca^2+^ influx. Increased intracellular calcium concentration stimulates the exocytosis of insulin secretory granules.[@bib10], [@bib33] Metformin reduces blood glucose levels by various mechanisms,[@bib30] mainly *via* reduction of hepatic glucose production (gluconeogenesis) and improvement of insulin sensitivity in muscle and liver cells.[@bib31], [@bib32]

Another compound present in antlion larvae extract is a chaperone protein, which was shown to stimulate cell regeneration. A study reported that the saliva of antlion larvae contained a chaperone protein that could induce the secretion of proinflammatory cytokines, where it was shown to play a role in the adaptation of inflammatory cells to stress-induced damage.[@bib34] Heat shock proteins (HSPs) constitute a group of chaperone proteins implicated in insulin resistance.[@bib35] HSP70 is the most common HSP in humans. It confers resistance against cell death induced by tumour necrosis factor-α (TNF-α), where it could inhibit TNF-α-induced free radical formation, lipid peroxidation, and apoptosis.[@bib36] Thus, the chaperone protein present in antlion extract might be responsible for its tissue-repair effects, whereas the antihyperglycaemic effects might be attributed to the presence of sulphonylureas in antlion larvae extract.

The most severe liver damage was observed in untreated streptozotocin-induced diabetic mice (receiving normal water). However, glibenclamide-treated streptozotocin-induced diabetic mice showed repair of cell damage. Glibenclamide belongs to sulphonylureas,[@bib37] increasing endogenous insulin secretion. Therefore, it could normalise blood glucose levels and prevent further cell damage.[@bib21], [@bib22]

Similarly, the most severe kidney damage was also observed in untreated streptozotocin-induced diabetic mice (receiving normal water). Mice treated with glibenclamide showed moderate damage with tubular cell necrosis. Blood reaching the kidneys firstly passes through the glomeruli then the tubules. Thus, hyperglycaemia-induced damage mainly affects the glomeruli. The insulin secretagogue activity of glibenclamide could prevent kidney damage until the tubules.

Results of this study showed that the doses of antlion extract required for repairing hyperglycaemia-induced liver and kidney damage were different. Histological examination of liver and kidney sections showed that antlion extract treatment at 5 and 10 mg/kg resulted in minimal damage in the kidneys and liver, respectively. This difference in the dose required for repairing tissue damage in the liver and kidneys could be explained that the liver is responsible for detoxification of toxic substances reaching it *via* blood vessels from all organs. Thus, the liver required a higher concentration of antlion extract for repairing hyperglycaemia-induced cell damage than that required for the kidneys. Since the kidney is the second highly vascularised organ after the liver; therefore, it needed a low dose of antlion extract for repairing cell damage.

Conclusions {#sec5}
===========

Mice treated with *M. formicarius* (antlion) extract at 10 mg/kg showed a significant decrease in blood glucose levels. The doses of *M. formicarius* (antlion) extract required for repairing liver and kidney damage were different, where a dose of 10 mg/kg was required for repairing liver damage, whereas only 5 mg/kg was sufficient for repairing kidney damage. Further studies are needed to confirm the compounds responsible for these favourable effects and the molecular mechanisms of sulphonylurea and chaperone protein present in antlion larvae.
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[^1]: NC, negative control; PC, positive control; T1, dosage of 2.5 mg/kg; T2, dosage of 5 mg/kg; T3, dosage of 7.5 mg/kg; T4, dosage of 10 mg/kg; dpt, days post treatment. Values with similar superscripts within a column are not significantly different at 0.05 probably level.

[^2]: NC, negative control; PC, positive control; T1, dosage of 2.5 mg/kg; T2, dosage of 5 mg/kg; T3, dosage of 7.5 mg/kg; T4, dosage of 10 mg/kg; IC, inflammatory cells; C, congestion; P, pyknosis; VD, vacuole degeneration; N, necrosis. Values with similar superscripts within a column are not significantly different at 0.05 probably level.

[^3]: NC, negative control; PC, positive control; T1, dosage of 2.5 mg/kg; T2, dosage of 5 mg/kg; T3, dosage of 7.5 mg/kg; T4, dosage of 10 mg/kg. Values with similar superscripts within a column are not significantly different at 0.05 probably level.
